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Sampling Eoreuma loftini (Lepidoptera: Pyralidae) on

Texas Sugarcane
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Environ. Entomol. 25(1): 7-16 (1996)

ABSTRACT Sugarcane fields of different types were sampled for 3 yr to determine the
seasonal density, spatial dispersion, and within-field stratification of larvae and pupae of Mex-
ican rice borer, Eoreuma loftini (Dyar). Population density never exceeded 1.0 larva per stalk
in any year. Ratoon fields of sugarcane regrowth averaged more larvae per stalk than plant
cane or hot water-treated fields. There was a trend for hot water-treated fields to contain a
higher proportion of younger larvae than other fields, an indication that infestations in hot
water-treated fields come from moths migrating into the fields rather than from localized
infestations from planted billets. Greater numbers of older larvae and pupae were found later
in the season than earlier. There was more stalk-to-stalk and field-to-field variation in larval
dispersion than among blocks, tiers, or plots within fields. Sample sizes for use in estimating
E. loftini larval density with a defined level of reliability are presented.

KEY WORDS Mexican rice borer, Saccharum, stalkborers, within-field distribution, disper-

sion

MEXICAN RICE BORER, Eoreuma loftini (Dyar), was
first detected in the lower Rio Grande Valley of
Texas in 1980 (Johnson 1981, Johnson and van
Leerdam 1981) and is now the primary insect pest
of sugarcane. Meagher et al. (1994) described the
biology and geographical range of E. loftini. Larvae
injure sugarcane and other gramineous crops by
feeding on leaf sheaths, tunneling within stalks,
and causing deadhearts (plants that have a dead
apical meristem) (Browning et al. 1989). Injury
and yield loss result from feeding on internodes
and buds, lodging, and reduction of sugar juice
quantity and quality’' (van Zwaluwenburg 1926,
Flanders 1930, Johnson 1981, Rozeff 1981). Sur-
veys in the lower Rio Grande Valley in 1989 and
1990 showed an average of nearly 19% bored in-
ternodes by E. loftini (Meagher et al. 1992).

In Texas, sugarcane is vegetatively propagated
from 0.8-m stalk cuttings (billets) containing sev-
eral growing points and leaf and root primordia
(van Dillewijn 1952). Fields are planted using bil-
lets on 1.52-m row centers in late summer. A small
percentage of these fields have billets treated in
water at 50°C for 2 h before planting to control
ratoon stunting disease, Clavibacter xyli subsp. xyli
(Davis et al. 1984, Gillaspie and Teakf/e 1989). Sug-
arcane is harvested from late September to March
or April, depending on weather. Regrowth (ra-

'Current address: Department of Entomology, University of
Minnesota, St. Paul, MN 55108-6125.

2Department of Entomology, Texas A&M University, College
Station, TX 77843.

3Current address: Washington State University Tree Fruit Re-
search and Extension Center, Wenatchee, WA 98801.

toons) fields may be cycled >5 yr before replant-
ing. Therefore, 3 different types of fields may be
present at any time in the lower Rio Grande Valley
sugarcane agroecosystem: plant cane, hot water-
treated plant cane, and ratoon cane.

Studies conducted in the Caribbean and in Flor-
ida have shown that other stalkboring pyralid lar-
vae have random (des Vignes 1978) or aggregated
(Hall 1986, Hughes and White 1987 [based on
stalk injury, not larval density]) spatial patterns.
The study in Florida with Diatraea saccharalis (F.)
showed populations to be aggregated within small
areas of sugarcane (0.4-0.8 ha) and across large
sugarcane fields (Hall 1986). Spatial patterns of
larvae and pupae of 3 stalkborers, including E. lof-
tini and D. saccharalis, were described from corn
planted in northern Mexico (Rodriguez-del-
Bosque et al. 1990). All species were generally ag-
gregated; however, aggregation was greater for the
younger larvae, with older larvae and pupae tend-
ing to have random spatial patterns.

An understanding of the spatial patterns of an
insect can aid in developing a sampling plan
(Southwood 1978). Spatial patterns are affected by
intrinsic factors such as oviposition pattern and im-
mature dispersal; extrinsic factors such as host
quality and environmental toxicants; and estima-
tion procedures such as sampling plan parameters,
sample unit size, number of samples, and sampler
bias (Wilson 1994). Spatial patterns can depend on
population density, with low densities tending to
be uniform or random and high densities tending
to be aggregated. The efficiency of a resulting sam-
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Table 1. Field size and configuration, number of sampling dates, plot size, and sample interval for 9 sugarcane
fields sampled in Hidalgo and Cameron counties, TX, 1990-1992

Year Field t.ype, Size, configuration Sample Plot size .Sample
ocation no. interval
1990 HWT, Weslaco? 6.3 ha, 104 rows by 396.2 m 6 13 rows by 19.8 m 26 Feb.~15 May
Plant, Weslaco? 16.0 ha, 264 rows by 396.2 m 6 13/14 rows by 19.8 m 26 Feb.~15 May
Ratoon (1st), La Villa® 14.5 ha, 260 rows by 396.2 m . 6 13 rows by 19.8 m 26 Feb.-28 May
1991 HWT, Primera? 14.1 ha, 259 rows by 362.4 m 7 13 rows by 18.3 m 28 Feb.~9 May
Plant, Alamo 15.7 ha, 251 rows by 329.2 m 8 12 rows by 16.5 m 29 Jan.-13 May
Ratoon (1st), Runn 14.4 ha, 271 rows by 349.0 m 8 13/14 rows by 17.4 m 30 Jan.—6 May
1992 HWT-R, Primera® 14.1 ha, 259 rows by 362.4 m 9 13 rows by 18.3 m 14 March—30 July
Plant, Bluetown 24.8 ha, 317 rows by 5127m - 9 15 rows by 25.6 m 12 March-28 July
Ratoon (1st), Alamo® 15.7 ha, 251 rows by 329.2 m 7 12 rows by 16.5 m 30 April-26 Aug.

2 HWT (hot water-treated plant field) and plant fields were part of 1 large field.

ba large residence occupied 2.5 ha of the field (30 plots); missing plots were in the following blocks; 17 (6), 18 (4), 22 (12), 23 (8).
¢ Eight plots in block 24 (1) and 25 (7) were missing because of a shed.

d The last 16 rows (1 ha; blocks 5, 10, 15, 20, and 25) were cultivar TCP 81-3058.

¢ Hot water-treated field sampled in 1991, sampled as a ratoon field in 1992,

fPlant field sampled in 1991, sampled as a ratoon field in 1992.

pling plan must balance cost considerations against
the quality of the information provided. The 3 ob-
jectives of the current research were: (1) to ex-
amine seasonal densities of different-aged E. loftini
larvae across different field tyEes, (2) to quantify
spatial patterns as affected by field type and larval
size, and (3) to develop sampling plans for differ-
ent E. loftini larval densities for use in estimating
population densities with a defined level of reli-
ability.

Materials and Methods

Fields and Sampling. Field sizes, configura-
tions, plot sizes, and sample intervals are summa-
rized in Table 1. All fields were planted to cultivar
CP 70-321, except where noted. Each field was
divided into 25 blocks, consisting of an outer tier
of 16 blocks, an inner tier of 8 blocks, and a center
tier of 1 block. Each block was subdivided into 16
plots. Exceptions to this arrangement were in a
1990 hot water-treated sugarcane field which had
20 blocks, 8 plots per block (14 outer, 4 inner, and
2 center blocks), and a 1990 plant field which had
unequal replication because of a residence within
the field. Plot size was variable, ranging from 12
to 15 rows (16.7-21.3 by 16.5-25.6 m) (Table 1).
Sampling began in late winter—early spring and
ended mid- to late summer (Table 1). Every effort
was taken to maintain a biweekly timetable; how-
ever, weather conditions or irrigation schedules oc-
casionally delayed sampling. Sampling dates were
grouped into early-(January—April) and late-season
(May—August) categories, characterized by plant
growth and tillering before internode formation
and by rapid plant growth and formation of har-
vestable internodes (Meagher et al. 1994).

On each sample date, 4 plots per block were
randomly selected from each field. Ten stalks per
plot were searched for E. loftini larvae or pupae.
Randomly selected stalks were cut at ground level,
dissected, and the presence of stalkborer larvae re-
corded. Larvae (< 3rd instar) were counted by re-

moving the leaf sheaths and inspecting each leaf
sheath for live larvae. Discoloration, superficial
tunneling in the leaf sheaths, and frass were used
to direct the search for stalkborer larvae (Meagher
et al. 1994). Larvae were classified according to the
sizes: small, medium, or large, which corresponded
to 1st and 2nd (age class 1), 3rd and 4th (age class
2), and 5th and 6th (age class 3) instars and pupae,
respectively.

Statistical Analysis. Seasonal Density. Analysis
of variance (ANOVA) (PROC GLM, SAS Institute
1985) was used to assess effects of field type (hot
water-treated, plant, or ratoon), and time of season
on density (larvae per stalk) and larval age for
1990, 1991, and 1992. Larval age was calculated
by averaging age class numbers by field type and
time of season. The 1992 hot water-treated ratoon
field was a ratoon of the 1991 hot water-treated
field but in the analysis was classified as an hot
water-treated field. Tier (outer, inner, center) was
used as an independent variable in the analysis of
density. Means were separated using the Waller-
Duncan k-ratio t-test (P < 0.05) (SAS Institute
1985).

Aggregation. The aggregation characteristics of
E. loftini were examined with Taylor coefficients
(Taylor 1961, 1984) and variance to mean ratios
(Wilson 1994). The mean and variance in larvae
per stalk for small, medium, or large larvae and
pupae across fields were used in estimating Taylor
coefficients by fitting In ($2) = Ina + b In (%)
(PROC REG, SAS Institute 1985) for data
grouped in single-stalk (n = 1,000 per field), 40-
stalk (n = 40 per block), or 10-stalk (n = 10 per
plot) sample unit sizes. Estimates for ¢ and b were
compared across sample years in ANOVAs (PROC
GLM, mean separation by Waller-Duncan k-ratio
t-test , SAS Institute 1985) to examine the effects
of field type, larval size, and sample unit size.

The effect of larval density on aggregation was
examined for each field type, larval size, larval den-
sity [low density (mean = 0.01 larva per stalk), av-



February 1996

erage density (mean = 0.1344 larva per stalk) and
high density (mean = 0.8 larva per stalk)], and
sample unit size in an ANOVA. Aggregation was

represented as variance to mean ratios which were -

estimated using Taylor coefficients derived for
each of the independent variables (S%% = a xlt-1])
(Wilson 1994).

Within-Field Stratification. A nested ANOVA
(PROC NESTED, SAS Institute 1987) was used
to partition the sources of variation in larval density
each year (Snedecor and Cochran 1967, Hall et al.
1994). The following 2 hierarchical levels were
constructed based on a single sugarcane stalk as
the sample unit: (1) stalks nested in plots, plots
nested in blocks, and blocks nested in fields; and
(2) stalks nested in plots, plots nested in tiers, and
tiers nested in fields. Mean densities per stalk were
calculated across dates. Variance components and
the corresponding percentage of total variation
were calculated to assess origins of sampling vari-
ation among the hierarchical levels.

Estimated Sample Size. Wilson and Room (1982)
presented the following equation for estimating
sample size where the goal is to estimate popula-
tion density with a defined level of reliability:

n = (tyy/Dy)?ax®?,

where ¢, is the standard normal variate for a 2-
tailed confidence interval, D; = a proportion
defined as the ratio of half the desired confidence
interval to the mean (D; = [CI/2]/% for enumera-
tive sampling), and a and b are Taylor coefficients.
: This equation permits one to estimate required
sample size (n) over a range of densities for any
species and sample unit whose Taylor coefficients
are known. Required sample size was calculated
using t,5 = 1.645 and Dy= 0.2. Sample size was
then used as a dependent variable and examined
for an influence of field type and larval size by
ANOVA (PROC GLM) separately for each sample
unit size and sample year.

Results

Seasonal Density. The population density of E.
loftini remained <1.0 larva per stalk in all years
(Figs. 1-3). Densities varied significantly with field
type only in 1991 (F = 19.6; df = 2, 45; P <
0.0001), with ratoon fields containing more larvae
per stalk than in plant or hot water-treated fields
(mean * SE, 0.076 = 0.012, 0.045 = 0.008, 0.009
* 0.003, respectively). The trend for ratoon fields
to contain more larvae than hot water-treated fields
occurred in 1990 and 1992. More larvae per stalk
were collected during the late season in 1991 and
1992, but the opposite was true for 1990 (P < 0.05)
(1990: early 0.337 * 0.04, late 0.169 * 0.03; 1991:
late 0.101 = 0.02, early 0.04 = 0.006; 1992: late
0.150 = 0.04, early 0.014 = 0.003). The difference
in larval density between seasons was generally
greater in ratoon fields than in hot water-treated
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or plant fields. Tier was not a significant factor in
any year (P > 0.900). :

Ages varied among field types only in 1991 (F
= 6.6; df = 2, 15; P = 0.0088), with the youngest
larvae found in the hot water-treated field com-
pared with the plant or ratoon fields (1.14 = 0.07,
1.35 = 0.05, 1.36 * 0.05, respectively). Larger
numbers of older larvae and pupae were found in
the late season compared with early séason in all
years (P < 0.001).

Aggregation. Estimates of Taylor a for 1990
showed differences among larval sizes (F = 8.1; df
= 2, 7; P = 0.0152), with a greater a calculated
when sampling for small larvae than for large lar-
vae and pupae (small 1.59 * 0.09, medium 1.18 =
0.06, large 091 * 0.09). Estimates for Taylor b
showed differences among field types (F = 10.4;
df = 2, 7; P = 0.0080) and larval sizes (F = 7.8;
df = 2, 7; P = 0.0167). Samples taken in ratoon
and plant fields had greater E values than in the
hot water-treated ﬁelc% (1.08 = 0.04, 1.05 * 0.03,
0.95 = 0.04, respectively), and sampling for small
larvae produced a greater b than for large larvae

-and pupae (small 1.07 * 0.06, medium 1.03 =

0.02, large 0.97 % 0.03). There was also a signifi-
cant field type X larval size interaction (F = 6.2;
df = 2, 7; P = 0.0281) because of a lesser b value
for small larvae in the hot water-treated field than
in other fields. .

In 1991, Taylor a was greatest in samples taken
from the hot water-treated field (hot water-treated
1.90 = 0.38, plant 1.22 * 0.08, ratoon 1.09 * 0.06;
F = 6.9; df = 2, 8; P = 0.0183). No other variables
were significant for either of the Taylor coefficients
(P > 0.05).

In 1992, Taylor ¢ was different among larval
sizes (F = 4.9; df = 2, 12; P = 0.0280) and sample
unit sizes (F = 5.9; df = 2, 12; P = 0.0167). Large

- larvae and pupae had a greater a value than me-

dium larvae (large 1.34 = 0.08, small 1.24 = 0.03,
medium 1.17 = 0.04), and the 40-stalk sample unit
size had a greater a value than the single-stalk size
(40, 1.35 = 0.08; 10, 1.24 = 0.04; single, 1.16 =
0.04). There was a significant field type X larval
size interaction (F = 4.5; df = 4, 12; P = 0.0185)
because of a greater a value for medium larvae in
the plant field than in other fields. Taylor b was
different among larval sizes (F = 3.2; df = 2, 12;
P = 0.0796) and sample unit sizes (F = 15.1; df =
2, 12; P = 0.0050). Large larvae and pupae had a
greater b value than medium larvae (large 1.08 =
0.02, small 1.05 = 0.01, medium 1.04 * 0.01), and
the 40-stalk sample unit size had a greater b value
than the 10- or single-stalk sizes (1.10 = 0.02, 1.04
*+ 0.01, 1.02 * 0.01, respectively). Taylor coeffi-
cients for individual larval sizes and field types
across sample year and sample unit sizes are shown
in Table 2. Taylor b was generally >1.0 for only
the 40- and 10-stalk sample unit sizes.
Aggregation, as measured by the variance to
mean ratio, was significantly different among field
types (F = 4.7, df = 2, 8; P = 0.0441) and larval
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Fig. 1. Mean E. loftint small, medium, and large larvae per stalk for 3 sugarcane field types, Hidalgo and Cameron

counties, TX, 1990.

sizes (F = 6.9; df = 2, 8; P = 0.0181) in 1990.
Ratios ranged from 0.38 to 9.69. The hot water-
treated field produced a greater ratio than the
plant or ratoon fields (2.16 = 0.52, 1.30 * 0.14,
1.21 £ 0.12, respectively), and small larvae pro-
duced a greater ratio than medium or large larvae
(2.06 * 0.36, 1.14 % 0.06, 0.95 = 0.06, respective-
ly). The interactions between field type and larval
size (F = 6.0; df = 2, 8; P = 0.0261) and field type
and larval density (F = 5.3; df = 4, 8; P = 0.0217)
were significant. The field type X larval size inter-
action can be explained by a large variance to
mean ratio estimated in the hot water-treated field
for small larvae (3.23 = 0.94) compared with the
other field type-larval size combinations. The field
type X larval density interaction is caused by a dif-
ference in direction of response of variance to
mean ratios among field types. Greater variance to

mean ratios were calculated for plant and ratoon
fields with high density; the hot water-treated field
had a large variance to mean ratio calculated with
low density.

In 1991, aggregation was different only among
larval densities (F = 12.9; df = 2, 8; P = 0.0031)
because variance to mean ratio estimates calculat-
ed with high density were greater than those cal-
culated with average and low density (1.69 * 0.24,
107 = 0.04, 091 = 0.05, respectively). Ratios
ranged from 0.55 to 5.01. In 1992, aggregation was
significantly different among larval sizes (F = 4.3;
df = 2, 16; P .= 0.0331), sample units (F = 6.4; df
= 2, 16; P = 0.0089), and larval densities (F =
37.9; df = 2, 16; P = 0.0001). Ratios ranged from
0.68 to 4.16. Large larvae and pupae were more
aggregated than medium larvae (large 1.30 + 0.13,
small 1.18 = 0.05, medium 1.12 * 0.05); larvae
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Fig. 2. Mean E. loftini small, medium, and large larvae per stalk for 3 sugarcane field types, Hidalgo and Cameron

counties, TX, 1991.

collected from 40-stalk sample units were more ag-
gregated than 10- or single-stalk sample units (1.33
*+ 0.14, 1.16 = 0.04, 1.10 = 0.02, respectively); the
estimate calculated with high density was greater
than calculated with average density and low den-
sity (1.51 * 0.12, 1.11 * 0.02, 0.97 = 0.03, re-
spectively). The interactions between field type
and larval density (F = 3.4; df = 4, 16; P = 0.0341)
and sample unit and larval density (F = 12.9; df =
4, 16; P = 0.0001) were significant. These inter-
actions can be explained by an increase in variance
to mean ratios for high-density samples estimated
from 40-stalk or ratoon field samples, respectively.
The other larval density combinations showed sim-
ilar variance to mean ratios across sample units and
field types.

Within-Field Stratification. Hierarchical anal-
ysis disclosed that there was more stalk-to-stalk

variation in E. loftini larval dispersion than any oth-
er hierarchical level (Table 3), followed by varia-
tion among fields, which supports the results of the
initial ANOVA of seasonal density. Field-to-field
variation was greatest in 1992 under both hierar-
chical levels. Block-to-block variation was signifi-
cant in the 1990 and 1992 data, but explained only
1.7 and 3.6% of the total variation, respectively.
Tier-to-tier and plot-to-plot variations were not sig-
nificant in any year.

Estimated Sample Size. Only ANOVA of sam-
ple size estimates for single-stalk sample units in
1990 showed significant main effect variables in
the models. Larger samples would be needed
when sampling for small larvae compared with me-
dium or large larvae and pupae (small 971.0 =
48.2, medium 767.0 + 20.3, large 661.2 £ O; F =
20.6; df = 2, 2; P = 0.0462. All other main effects
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Fig. 3. Mean E. loftini small, medium, and large larvae per stalk for 3 sugarcane field types, Hidalgo and Cameron

counties, TX, 1992,

were not significant (P > 0.05), although there
_ were trends in other sample unit-sample year
combinations for more samples needed when sam-
pling for small larvae, or when sampling in hot wa-
ter-treated fields. Density-dependent sample num-
bers per stalk across sample units are shown for

the 3 sample years (Fig. 4).

Discussion

Although its biology of E. loftini is similar to that
of other stalkborers, there are important differ-
ences that may influence its aggregation and spatial
patterns. Females oviposit cryptically on dried
plant material near the base of stalks by insertion
of the egg mass into folded leaf crevices (van Leer-
dam et al. 1984, 1986). Most other stalkborers that
attack sugarcane oviposit on leaves or stalks

(Browning et al. 1989, Smith et al. 1993). Neonate
E. loftini larvae disperse from soil-level locations
vertically to plant leaves, and this behavior allows
for mortality from ground predators. Eldana sac-
charina Walker, an African pyralid, has similar ovi-
positional and larval dispersal behavior (Girling
1978, Atkinson 1980). Research in Uganda and
Ghana showed that by 3 wk after oviposition, al-
most 99.5% of the eggs and small larvae were at-
tacked by ants, including Tetramorium bicarina-
tum (Nylander), Camponotus sericeus (F.),
Crematogaster spp., and Pheidole megacephala F.
(Girling 1978, Sampson and Kumar 1983). Early
life stage mortality factors are unknown with E.
loftini; however, ant predation is high when eggs
are artificially deposited in the field (R.L.M and
R.S.P, unpublished data). Several ant species are
known to be active in the sugarcane agroecosystem
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Table 3. Nested ANOVAs with block or tier as 2nd
hierarchical variable, on the number of E. loftini larvae
per sugarcane stalk, Hidalgo and Cameron counties, TX,
1990-1992

Variance

Source
variation df Ms component % total
1990
Block ’
Field 2 8.537 46.3# 0.011 8.1
Block 67 0.184 1.7% 0.002 1.7
Plot 162 0.106 0.8 ~0.002 0.0
Stalk 2,088 0.128 — 0.128 90.2
Total 2,319 0.136 — 0.142 100.0
Tier
Field 2 1.700 60.0¢ 0.017 15.7
Tier 6 0.028 05 . —0.001 0.0
Plot 21 0.061 0.7 -0.003 0.0
Stalk - 270 0.093 — 0.093 84.3
Total 299 0.100 — 0.111 100.0
1991
Block
Field 2 0.853 66.74 0.001 39
Block 72 0.013 0.7 —0.000 00
Plot 225 0.018 0.8 —0.000 0.0
Stalk 2,700 0.021 — 0.021 . 96.1
Total 2,999 0.021 — 0.022 100.0
Tier
Field 2 0.133 23.0¢ 0.001 52
Tier 6 0.006 0.4 -0.002 0.0
Plot 27 0.013 0.7 —0.001 0.0
Stalk 324 0.019 — 0.019 94.8
Total 359 0.019 — 0.020 100.0
1992
Block
Field 2 13.531 146.9¢ 0.013 294
Block 72 0.092 3.5¢ 0.000 3.6
Plot 225 0.026 0.9 —0.000 0.0
Stalk 2,700 0.031 — 0.031 67.0
Total 2,999 0.041 — 0.046 100.0
Tier
Field 2 1.747 568.6° 0.015 384
Tier 6 0.003 0.2 -0.001 0.0
Plot 27 0.014 0.6 ~0.001 0.0
Stalk 324 0.023 — 0.023 61.6
Total 359 0.032 — 0.038 100.0

4 Significance =< P = 0.001.

in Texas, including Solenopsis geminata (F.), Cre-
matogaster clara Mayr, and Pheidole spp. (Breene
et al. 1993).

Sugarcane fields were classified into 3 types for
our study because of the importance of hot water-
treated plant cane as a recommended practice in
the management of ratoon-stunting disease and in-
directly a mortality factor for Mexican rice borer.
As expected, ratoon fields had higher larval den-
sities, but plant cane and hot water-treated fields
contained similar numbers. We believe that if
more hot water-treated fields were sampled, a dif-
ference in larval density between plant cane fields
and hot water-treated fields would have been de-
tected. Ratoon fields contain populations from the
previous season that survive tEe harvest process in
the underground billets; billets used for planting

* part of
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Fig. 4. Estimated number of stalks required to esti-
mate E. loftini small, medium, and large larvae and pupae
for sample unit sizes of 1,000 stalks per field, 10 stalks
per plot, and 40 stalks per block using o = 0.2, DX = 0.2.

plant cane fields can also be infested by Mexican
rice borer larvae that will finish development and
emerge as adults (R.L.M., unpublished data). Hot
water-treated fields generally contained a higher
average of younger larvae than other fields, an in-

_dication that infestations in hot water-treated fields

come from moths migrating into the fields rather
than localized infestation from planted billets.

More younger larvae were found in the earlier
e season (January through March) than
in the later part (April through August). The ex-
planation for this result would be somewhat obvi-
ous for a stalkborer species that is found in tem-
perate climates (seasonal larval development) but
is not as obvious with a subtropical species such as
E. loftini. Seasonal sampling suggests that this in-
sect is multivoltine, and any life stage can be found
during any part of the year (Johnson 1985, van
Leerdam et al. 1986, Meagher et al. 1994), so
young larvae should be present during the entire
season. It is possible that some younger larvae
were not collected during late-season sampling be-
cause they are more difficult to locate when plant
biomass is large.
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Taylor coefficients suggested small larvae to be
more aggregated than other sized larvae in 1990
but large larvae and pupae to be more aggregated
in 1992. Also, coefficients estimated from larvae
collected in 1990 plant or ratoon fields were great-
er than in the hot water-treated field. Variance to
mean ratios calculated under different larval den-
sity conditions removed the effect of larval density
when comparing a%gregation. This is important be-
cause calculations based on results taken in the hot
water-treated field in 1990 were comparatively
higher than in any other field—year combination.
As with Taylor coefficients, the calculated variance
to mean ratios for small larvae in 1990 had aggre-
gated spatial patterns whereas medium and large
larvae had random spatial patterns; the reverse was
true for 1992.

Results of the seasonal density and nested AN-
OVAs suggest that important variables for a Mex-
ican rice borer larval sampling plan are stalks and
fields. Within-field strata such as blocks, tiers, or
plots, as described, did not contribute significantly

to sampling variation. This was unexpected, es-

pecially for the hot water-treated fields, because
we believed the infestation of these fields was ini-
tiated from the border areas toward the center.
The results suggest that random sampling of
=~],000 stalks within fields of 6-25 ha is required
to estimate larval density when it is near a mean
of 0.1 larva per stalk, which is approximately equal
to the E. loftini action threshold (Johnson et al.
1982). At higher or lower densities, considerably
fewer stalks would need to be sampled if the goal
were to classify the population as being above or
below an action threshold (Wilson 1985). Sampling
of young larvae is important because this is the
target life stage for action thresholds under insec-
ticidal management tactics (Johnson et al. 1982,
Meagher et al. 1994). However, the large amount
of sugarcane biomass makes sampling difficult and
constrains the desired distribution. of insecticide
spray within the plant canopy, making insecticidal
management as an economically viable practice
questionable (Meagher et al. 1994).

Future research should concentrate on correlat-
ing larval densities with larval injury, because re-
sulting larval damage is the important variable to
growers and the industry. Previous studies with
Mexican rice borer have documented percentage
bored internodes (ratio of number of internodes
with tunnels to total internodes present) as an in-
direct measure of larval density (Johnson 1985,
Meagher et al. 1994). However, currently there is
no known relationship between larvae per stalk
and percentage bored internodes. Growers and in-
dustry agriculturalists speculate there is an eco-
nomic effect of feeding by E. loftini only after a
damage level of 10% bored internodes is attained
(N. Rozeff, Rio Grande Valley Sugar Growers, In-
corporated, personal communication). A relation-
ship between population density (larval sampling
or a related population parameter such as male
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captures in pheromone traps) and larval injury—
damage could establish an improved early warning
of pest population increase and provide a better
indication of potential losses.

Acknowledgments

Special thanks are given to S. Alvarez, M. Barrosa, J.
Huerta, H. Perez, and R. Saldafia, Texas Agricultural Ex-
periment Station for their valuable assistance in the field,
and to the sugarcane growers of Rio Grande Valley Sugar
Growers, Incorporated. Thanks go also to R. Moon (Uni-
versity of Minnesota) and D. Riley (Texas Agricultural
Experiment Station) for review of an early manuscript.
This research was performed under Hatch Project 6796,
with additional support from the Rio Grande Valley Sugar
Growers, Incorporated, and the state of Texas under the
Texas Agricultural Experiment Station Expanded Re-
search Program.

References Cited

Atkinson, P. R. 1980. On the biology, distribution and
natural host-plants of Eldana saccharina Walker (Lep-
idoptera: Pyralidae). J. Entomol. Soc. South. Afr. 43:
171-194. '

Breene, R. G., R. L. Meagher, Jr., and D. A. Dean.
1993. Spiders (Araneae) and ants (Hymenoptera:
Formicidae) in Texas sugarcane fields. Fla. Entomol.
76: 645-650.

Browning, H. W., M. O. Way, and R. M. Drees.
1989. Managing the Mexican rice borer in Texas.
Texas Agric. Ext. Serv. Bull. 1620,

Davis, M. J., A. G. Gillaspie, Jr., A. K. Vidaver, and
R. W. Harris. 1984. Clavibacter: a new genus con-
taining some phytopathogenic coryneform bacteria,
including Clavibacter xyli subsp. xyli sp. nov., subsp.
nov. and Clavibacter xyli subsp. cynodontis subsp.
nov., pathogens that cause ratoon stunting disease of
sugarcane and Bermudagrass stunting disease. Int. J.
Syst. Bacteriol. 34: 107-117.

des Vignes, W. G. 1978. Sampling, distribution and
natural control of Diatraea spp. on sugarcane and
grasses in Trinidad. Proc. Int. Soc. Sugar Cane Tech-
nol. 16: 729-734.

Flanders, S. E. 1930. Mexican sugar cane-borers and
the parasite Trickogramma. J. Econ. Entomol. 23:
603-606.

Gillaspie, A. G., Jr., and D, S. Teakle. 1989. Ratoon
stunting disease, pp. 59-80. In C. Ricaud, B. T. Egan,
A. G. Gillaspie, Jr., and C. G. Hughes [eds.], Diseases
of sugarcane, major diseases. Elsevier, Amsterdam.

Girling, D. J. 1978, The distribution and biology of
Eldana sdccharina Walker (Lepidoptera: Pyralidae)
and its relationship to other stem-borers in Uganda.
Bull, Entomol. Res. 68: 471488,

Hall, D. G. 1986. Sampling for the sugarcane borer
(Lepidoptera: Pyralidae) in sugarcane. J. Econ. En-
tomol. 79: 813-816.

Hall, D. G., C. C. Childers, and J. E. Eger. 1994,
Spatial dispersion and sampling of citrus rust mite
(Acari: Eriophyidae) on fruit in ‘Hamlin* and ‘Valen-
cia’ orange groves in Florida. J. Econ. Entomol. 87:
687-698.

Hughes, G., and J. White. 1987. Aggregation in Dia-
traea spp., the small moth-borers of sugar cane. Trop.
Pest Manage. 33: 160-163.




16 ENVIRONMENTAL ENTOMOLOGY

-Johnson, K.J.R. 1981. Acigona loftini (Lepidoptera:

Pyralidae) in the Lower Rio Grande Valley of Texas,
1980-81, pp. 166-171 (in English), pp. 390-395 (in
Spanish). In Proceedings, 2nd Inter-American Sugar
Cane Seminar of Insect and Rodent Pests, vol. 2. In-
ter-American Sugar Cane Seminars, Miami, FL.

1985. Seasonal occurrence and insecticidal suppression
of Eoreuma loftini (Lepidoptera: Pyralidae) in sugar-
cane. ]. Econ. Entomol. 78; 960-966.

Johnson, K.J.R., and M. B. van Leerdam. 1981.
Range extension of Acigona loftini into the Lower Rio
Grande Valley of Texas. Sugar Azucar 76: 34 (in En-
glish), 119 (in Spanish) (abstract).

Johnson, K.J.R., N. Rozeff, and C. T. Allen. 1982,
Suggested guidelines for controlling insects which
bore in sugarcané in south Texas. Tex. Agric. Ext.
Serv.

Meagher, R. L., Jr., R. S. Pfannenstiel, and R. R.
Saldafia. 1992. Survey and estimated injury of the
Mexican rice borer in Texas sugarcane. J. Am. Soc.
Sugar Cane Technol. 12: 22-26.

Meagher, R. L., Jr., J. W. Smith, Jr., and K.J.R. John-
son. 1994, Insecticidal management of Eoreuma
loftini (Lepidoptera: Pyralidae) on Texas sugarcane: a
critical review. J. Econ. Entomol. 87: 1332-1344.

Rodriguez-del-Bosque, L. A., J. W. Smith, Jr., and H.
W. Browning. 1990. Spatial dispersion patterns of
Diatraea lineolata, Diatraea saccharalis, and Eoreuma
loftini on corn. Southwest. Entomo]. 15: 291--299.

Rozeff, N. 1981. Experience with Acigona loftini (Lep-
idoptera: Pyralidae) in the Lower Rio Grande Valley
of Texas, 1980-81, pp. 172180 (in English), pp. 396—
405 (in Spanish). In Proceedings, 2nd Inter-American
Sugar Cane Seminar of Insect and Rodent Pests, vol.
2. Inter-American Sugar Cane Seminars, Miami, FL.

Sampson, M. A., and R. Kumar. 1983. Population
dynamics of the stem-borer complex on sugar-cane. in
southern Ghana. Insect Sci. Applic. 4: 25-32.

SAS Institute. 1985. SAS users guide: statistics. SAS
Institute, Cary, NC

1987. SAS/STAT guide for personal computers, version
6 ed. SAS Institute, Cary, NC.

Vol. 25, no. 1

Smith, J. W., Jr., R. N. Wiedenmann, and W. A, Ov-
erholt. 1993. Parasites of lepidopteran stemborers
of tropical gramineous plants. ICIPE, Nairobi, Kenya.

Snedecor, G. W., and W. G. Cochran. 1967. Statis-
tical methods, 6th ed. Iowa State University Press,
Ames.

Southwood, T.R.E. 1978. Ecological methods, 2nd ed.
Chapman & Hall, London.

Taylor, L. R. 1961. Aggregation, variance and the
mean. Nature (Lond.) 189: 732-735. )
1984. Assessing and interpreting the spatial distribu-
tions of insect populations. Annu. Rev. Entomol. 29:

321-357.

van Dillewijn, C. 1952. Botany of sugarcane. Chronica
Botanica, Waltham, MA.

van Leerdam, M. B., K.J.R. Johnson, and J. W,
Smith, Jr. 1984. Effects of substrate physical char-
acteristics and orientation on oviposition by Eoreuma
loftint (Lepidoptera: Pyralidae). Environ. Entomol.
13: 800-802.

1986. Ovipositional sites of Eoreuma loftini (Lepidop-
tera: Pyralidae) in sugarcane. Environ. Entomol. 15:
75-78.

van Zwaluwenburg, R. H. 1926. Insect enemies of
sugarcane in western Mexico. ]J. Econ. Entomol. 19:
664-669.

Wilson, L. T. 1985. Estimating the abundance and im-
pact of arthropod natural enemies in IPM systems,
pp: 303-322. In M. A. Hoy and D. C. Herzog [eds.],
Biological control in agricultural IPM systems. Aca-
demic, New York.

1994. Estimating abundance, impact, and interactions
among arthropods in cotton agroecosystems, pp. 475—
514. In L. P. Pedigo and G. D. Buntin [eds.], Hand-
book of sampling methods for arthropods in agricul-
ture. CRC, Boca Raton, FL.

Wilson, L. T., and P. M. Room. 1982. The relative
efficiency and reliability of three methods for sam-
pling arthropods in Australian ¢otton fields. J. Aust.
Entomol. Soc. 21: 175-181.

Received for publication 11 April 1995; accepted 2 Oc-
tober 1995.

i S



